Background: Every year around 50 million unintended pregnancies worldwide are terminated by induced abortion. Even in countries, where it is legalized and performed in a safe environment, abortion carries some risk of complications for women. Findings of researchers on the factors that influence the sequelae of abortion are controversial and inconsistent. This study evaluates the effects of gestational age and the method of surgical abortion (i.e., dilatation and curettage and vacuum aspiration) on the most common abortion complications: postabortion hemorrhage and fever.
Background
Eighty million women worldwide have an unintended pregnancy annually [1] and around 50 million of them are terminated by induced abortion [2] . Alarmingly high rates (~11 million abortions annually) were documented in the Soviet Union [3] . Georgia as a former soviet republic showed highest abortion estimates reported for any country according to the first population-based Reproductive Health Survey (RHS) in 1999 [4] -3.7 abortions per woman, which declined to 3.1 in 2005 [5] , and to 1.6 in 2010 [6] . Despite tangible progress, abortion in Georgia still plays a leading role in fertility control, which explains generated interest toward abortion-related morbidity and the factors that affect it.
An abortion complication in countries in which the procedure is legalized is primarily associated with infection, hemorrhage, and uterine injury [7] . Although the rate of abortion-related morbidity has been reported to be on average 9-10% [8, 9] , the range varies markedly across the world from <1% to 15% as does the severity of complications [10] [11] [12] .
Many researchers have studied the factors that influence the sequelae of abortion, including gestational age [13, 14] , method of abortion [13] , patient age [13, 15] , and use of prophylactic antibiotics [16] . Gestational age and the method of surgical abortion have been reported to be the most significant and interrelated factors that cumulatively affect abortion-related morbidity [13] . However, the findings of the studies available are controversial and inconsistent.
In the United States, where abortion is safe, the risk of complications has been documented to increase exponentially with increasing gestational age [17] . Similarly, in a worldwide review, second trimester abortions were associated with significantly greater complication rates compared with first-trimester abortions (0.5-3% vs. 1-8%) [3] . Contradictory were findings of Jacot and associates in a comparative study of the complication rates of first and second trimester abortions, which documented no difference in the morbidity rates according to gestational age [18] .
Method of abortion is another important factor that may affect abortion-related complications. The choice of the method to use (medical abortion, vacuum aspiration or dilatation and curettage (D&C)) depends on the setting, where abortion is performed, availability of the equipment, skills of the service providers, gestation at which a woman presents for abortion.
Aspiration of uterus is a recommended standard method for first-trimester surgical termination of pregnancy [19, 20] . However, some Georgian health care providers still prioritize D&C as a preferred technique for surgical abortion [7] .
Few studies are available which directly compare D&C and vacuum aspiration as methods for surgical abortion and their findings are controversial. Some investigators have demonstrated that lower complication rates are associated with vacuum aspiration compared with D&C [21] . However, these results have been disputed by other researchers [22] who failed to find the described pattern.
The controversy and inconsistency regarding the findings of abortion-related morbidity studies may be explained by the variability in the complication tracking processes and the definitions of sequelae across the studies. The studies that have been conducted to date are limited by short-term findings. Most of them relied on hospital data to trace the medical sequelae of abortion and therefore only examined the immediate postoperative period, typically the first 24 h. Because the patients were not followed up for longer period, complications that may have emerged later often have been omitted [23] .
The results of the largest population-based reproductive health survey in Georgia were studied with the aim of evaluating the effects of gestational age and the method of surgical abortion (D&C and vacuum aspiration) on the most common abortion complications. The study analyzed information on postabortion fever and hemorrhage collected from women minimum 30 days after the abortion. By allowing enough time for development of postabortion complications, the study addressed the limitation of previous researches related to the short-term follow-up of abortion-related complications.
Methods
The study performed secondary analysis of the data from the population-based Georgian RHS 2010 that was conducted by the National Center for Disease Control and Public Health (NCDC&PH) in collaboration with the Georgian Ministry of Labor, Health, and Social Affairs (MoLHSA) and the Centers for Disease Control and Prevention (CDC), Atlanta, Georgia, USA (6) .
The original survey employed large, nationally representative, probability sample (13,363 households). Information was collected through face-to-face interviews with women of reproductive age (15-44 years old) who were living in Georgia at the time of the survey.
Study participants
The study targets were derived from the surveyed women who underwent surgical abortions. For the purpose of the study, surgical abortion was defined as a procedure that was performed with the intent of terminating a pregnancy using D&C or vacuum aspiration. The study included all reported cases of surgical abortion and excluded medical abortion, miscarriages and ectopic pregnancies.
To minimize recall bias regarding abortion-related complications, only abortions performed within the five years (2005) (2006) (2007) (2008) (2009) (2010) prior to the interview were analyzed. To allow enough time for developing postabortion hemorrhage and fever, surgical abortions performed more than 30 days before the interview were included in data analysis. Thus, the final sample used for the study yielded a total of 1974 surgical abortions.
Types of interventions
The two types of surgical abortion methods, that is, vacuum aspiration and D&C, were compared. The abortion sequelae that occurred at different gestational ages, that is, <10 weeks and ≥10 weeks, were also compared with each other.
Outcome measures
Two major early abortion-related complications were traced during this study:
Hemorrhage (defined as severe blood loss requiring blood transfusion) Febrile morbidity (defined as fever ≥38°C).
Data analysis
The collected data were analyzed using SPSS version 21.0 (IBM, Amonk, NY, USA).
We applied logistic regression analysis to examine the associations of the mode of abortion and gestational age with abortion-related complications: postabortion hemorrhage and fever.
In the initial stage, a number of potential predisposing social and medical factors/confounders derived from previous studies were considered for inclusion in the model. These factors were the following: age, ethnicity, educational status, employment, residence, wealth, parity, and the number of previous induced abortions.
Univariate regression analyses were performed, and crude odds ratios (ORs) were calculated for each of these variables. Subsequently, binary logistic regression was applied using the backward selection technique. All variables that were considered to be potential affecting factors were entered into the model, and those with the smallest contributions were removed sequentially until all the remaining variables contributed to the model. Ultimately, only the variables that were significant at a P-value <0.05 were retained in the final model.
Results
Of 1974 surgical abortions analyzed, 652 (33%) were performed by D&C and 1322 (67%) by vacuum aspiration, 1687 (85%) at <10 weeks of gestation and 287 (15%) at ≥10 weeks of gestation. Table 1 illustrates the socio-demographic factors and reproductive history of women performing surgical abortions according to method of abortion and gestational age.
Highly educated women with higher incomes who were from urban areas tended to have abortions at a lower gestation age (<10 weeks) and through vacuum aspiration (P < 0.05). The differences were more marked in women with four or more complete pregnancies. These women were nearly twice as likely to undergo an abortion by D&C and at a gestational age ≥ 10 weeks than by vacuum aspiration and at a gestational age of <10 weeks (P < 0.05).
The total complication rate (from hemorrhage or fever) among surgical abortions by D&C or vacuum aspiration was 3.9% (77 cases).
The number of uterus perforations was too small (2 cases in total) to allow analysis of this complication according to method of abortion or gestational age.
Hemorrhage
Postabortion hemorrhage was reported in 43 cases (1.9%). The rate was significantly higher after D&C (4.1%) than after vacuum aspiration (1.2%, P < 0.05). Abortions at gestational ages ≥10 weeks were not associated with an increased rate of hemorrhage compared with the abortions at <10 weeks of gestation (2.8% vs. 2.1%, respectively, P = 0.44, Table 2 ). Table 3 illustrates the results of the regression analysis. The univariate analyses showed that the risk of postabortion hemorrhage was highest for the D&C procedure and for women with history of more than four abortions. Age, residence, education, wealth, ethnicity, employment and parity had no significant effect on postabortion hemorrhage (P > 0.05). Gestational age was also found to be a non-significant factor regarding hemorrhage after an abortion.
After adjustments for the number of induced abortions, the binary logistic regression model revealed that the abortions performed by D&C were associated with an estimated fourfold increase in the risk of developing a hemorrhage (OR 4.4, 95% CI 2.2-8.6) compared with abortions that were performed via vacuum aspiration.
Even after the adjustment, gestational age did not significantly influence postabortion hemorrhage.
Fever
Febrile morbidity (fever ≥38°C) occurred in 44 cases (2%) among all of the surgical abortions performed via D&C and vacuum aspiration. The fever rate was found to be twice as high following D&C (3.7%) than following vacuum aspiration (1.5%, P < 0.05). A twofold increase in fever incidence was also observed following the abortions performed at or after the gestational age of 10 weeks compared with those performed before 10 weeks (3.8% vs. 1.9%, respectively, P = 0.046, Table 2 ).
The results of univariate regression analysis regarding the effects of various factors on postabortion fever are demonstrated in Table 4 . The women with higher number of births, history of induced abortion, and D&C procedure were at the greatest risk of developing postabortion fever (P < 0.05). Age, residence, education, wealth, ethnicity and employment did not significantly affect the rate of fever (P > 0.05). The difference in fever between the abortions performed at <10 and ≥10 weeks of gestation was not significant (P > 0.05). Table 4 also presents the results of the final binary logistic regression analysis with the outcome variable of fever. After applying backward stepwise regression, the final model contained only two significantly contributing variables: the method of abortion and the number of previous induced abortions. Gestational age was included in the model, but had no significant influence. After adjusting for the number of induced abortions, the abortions performed by D&C were associated with a 2.37-fold increased risk (OR 2.37, 95% CI: 1.17-4.79) of developing fever compared with the abortions performed via vacuum aspiration.
Gestational age was not significantly associated with either postabortion hemorrhage or with postabortion fever.
Discussion
The early sequelae of abortion, including uterine perforation, hemorrhage, and infection, and the factors affecting these sequelae have been studied by many researchers; however, the conclusions drawn from these studies are diverse and frequently controversial. The disparities in the findings might be explained by variability in the postabortion follow-up periods across the studies and ill-defined or disparate definitions of abortionrelated complications.
The present study does not suffer from the limitation of a short follow-up period. The data regarding abortion complications were collected through direct interviews with the women who received the service minimum 30 days prior to the interview, which allowed sufficient time for the development of postabortion hemorrhage and fever.
The study compared the occurrence of hemorrhage and fever after abortions performed through vacuum aspiration versus D&C and before versus after the gestational age of 10 weeks.
Method of abortion: Vacuum aspiration vs. D&C
In our study, D&C abortions were associated with increased risks of both postpartum hemorrhage and fever compared with vacuum aspiration, which contradicts with the results of meta-analysis of the trials conducted by Lean et al. [22] with 420 women and by Schweppe et al. [7] with 47 women. These studies found no significant differences in excessive blood loss or febrile morbidity following abortions performed with either vacuum aspiration or D&C. However, the interpretations of these studies should be approached with caution due to the small sample sizes and rarity of the outcomes, which likely hindered the detection of meaningful differences. In a study of 4463 women, Edelman and associates found variability in the complication rates according to method of abortion at different gestational ages: prior to 12 weeks of pregnancy, vacuum aspiration was associated with reduced risks of excessive blood loss, prolonged bleeding and pelvic infection. After 12 weeks of gestation, the groups did not differ significantly in terms of complication rates [21] .
Gestational age: <10 weeks vs. ≥10 weeks
In the present study, gestational age was not found to strongly influence the development of postabortion complications. The risks of hemorrhage and fever did not significantly differ before and after 10 weeks of gestation.
These findings do not agree with previous data, indicating that complication rates invariably increase with increased gestation duration. The results of a study from Tietze et al. documented a dramatic growth of complication rates with higher gestation [24] . Moberg and associates also reported a notable rise in postabortion hemorrhage with increased gestational age among 1123 women who had undergone vacuum aspiration abortions. This increase was particularly pronounced after 11 weeks of gestation [25] .
In a study by Ferris and colleagues [23] that examined post-abortion complications in Canadian (Ontario) abortion clinics via retrospective analyses of a provincial database of 83,469 abortions, the odds ratio for abortion complications was 1.3 (95% CI 1.02-1.63) between 9 and 12 weeks of gestation compared to the complications that occurred at <9 weeks and increased dramatically with further increase in gestational age. However, the findings of this study were based on a very short-term follow-up period (a few hours after the procedure), while even short-term postabortion complications may appear for up to several days after the procedure, and such complications were likely not represented in this study.
Our study results are supported by those of Jacot et al. (18) , which did not find an increase in the risk of complications with increased gestational age. However, the research was limited to only a single clinic and to abortions that were performed under local anesthesia, which makes the findings not generalizable.
Study limitations
The present study has several limitations. First, our findings relied solely on the responses of the women and were not verified through medical records. Hence, we do not know whether all of the respondents coded their complications similarly, although standard explanation of the complications was provided to each respondent by the interviewers. Second, because the information about abortion complication was collected from women who were interviewed months or even years after the abortions, the possibility of recall bias is present. To minimize the risk of recall bias, we only analyzed information about postabortion complications that occurred within five years prior to the interview.
Conclusion
The absolute risk of complications after abortion is generally low when the termination of pregnancy is performed and managed by a skilled provider. The D&C procedure was found to be associated with increased risks of developing postabortion hemorrhage and fever compared with the vacuum aspiration procedure. Unlike the results of previous studies, increased gestational age (≥ 10 weeks) was not found to be a predictive factor of immediate postabortion complications: hemorrhage and fever.
There is a distinct need to define postabortion complications in a uniform manner and to establish uniform criteria for abortion follow-up period to make the study findings comparable and consistent. 
